FIG. 1.
The wiring diagram of the microvoltmeter as it is used in pH measurements. The variable resistors should be of highest quality, and may be obtained from the General Radio Co. The tube bases should be removed and the cups at the bottoms of the tubes should be filled with paraffin. Special care should be taken in the construction of the switch in the grid lead of the sensitive tube as it must be of the anticapacity type and have very good insulation. The tubes are run much below the rated capacity, since a three-volt drop in the filaments is sufficient to insure satisfactory operation.
various problems involving pH. The microvoltmeter of Burr and Lane,1 with its high sensitivity, high input impedance, extremely small grid current, and comparative insensitivity to external electrical disturbances seemed to be an instrument which could obviate many of the difficulties previously encountered. Figure 1 gives a wiring diagram of the circuit for the microvoltmeter as it is used in pH measurements. This differs in three respects from the original circuit. The grid leak of the sensitive tube has been raised to 100 megohms, a value more in accord with the higher resistances met in glass electrode measurements. The auxiliary potentiometer has been removed. A separate variable grid voltage has been supplied for the balance tube, which makes the circuit more nearly symmetrical and insures even greater stability. The instrument is balanced by varying this grid voltage instead of the plate resistors as in the original circuit. A new instrument should be "baked in" by running the set under operating conditions for 300 hours before it is used for continuous recording. small canula. The Leeds and Northrup portable potentiometer opposes the potential developed by the glass electrode system, and any difference of potential between the two is applied to the grid of the sensitive tube of the microvoltmeter. This results in a deflection of the galvanometer proportional to the difference in the potentials. The sensitivity of the galvanometer is controlled by a tapered potentiometer and can be adjusted so that any scale divisions become equal increments of pH. The of the experimental animals. In fact, in some experiments on the relationship between respiration and blood pH the only precaution taken was to place the animal board and the electrical equipment upon a grounded copper plate.
In many cases the investigator finds it necessary to modify the glass electrode to meet the demands of a particular problem. Three modifications are applicable to a great many of the situations with which the physiologist is concerned. The construction of these varied types is described below.
A glass electrode consists essentially of a thin membrane of glass separating an inner solution from the fluid under investigation. Other electrodes must make contact with the two fluids in order to complete the electrical circuit. Macinnes of fluid from contact with air, and so prevents loss of carbon dioxide and a consequent change in pH due to this loss.
The thinnest possible bubbles are blown from the 015 glass, quickly and with sufficient force to break them into many fragments, and thin enough to show well-developed interference colors. The pieces may be conveniently collected on a piece of black velvet cloth. A tube of suitable size is drawn out to a small diameter and cut off squarely (Fig. 3) . The cut end is heated until the lumen becomes less than 0.5 mm. in diameter. Then, with suction by mouth through a rubber tube attached to the other end of the glass, a piece of the thin membrane is picked off the black cloth. An electrode made in this way is able to withstand without rupture a steady pressure of one atmosphere upon the membrane. Practice alone can give sufficient skill to carry out the operation successfully. The most important detail seems to be the temperature of the -tip at the time the membrane is being attached. If this is too high, the thin membrane will melt; if too low, an unsatisfactory seal is obtained. In any case it is advisable to apply as much suction as possible while making the seal.
The silver acetate buffer solution is then put in and the electrode is boiled for an hour. The top of the electrode is coated with sealingwax, and the inner contact is established with a silver wire. For certain details in the making of this modification of the glass electrode, the author is indebted to Mr. Delafield DuBois, who has been using this type for determinations of the pH of body fluids in vitro.
A third electrode, suitable for penetrating soft tissues has been devised by Voegtlin, Kahler, and Fitch,9 and has been used by them in a study of the pH of cancerous tissues of mice. This electrode is made by gently heating a bulb electrode and then pulling the bulb out with a second piece of hot glass, so that a small blunt-pointed capillary with thin walls is formed. The electrode is then boiled and filled like the others. It can be thrust into soft tissues without too great damage and thus makes intimate contact with the interstitial fluid.
The three types of electrode should be tested for satisfactory operation in known buffer solutions before they are used. Although electrodes of high resistance may be measured with the microvoltmeter, it is best to discard those which have a resistance of greater than twenty megohms, since electrodes of lower resistance have more stable properties and increase the sensitivity of the measurements.
As in all pH measurements a second contact other than that of 245 the glass electrode must be made. In ordinary pH measurements the second contact is most often made with a saturated potassium chloride solution. Since this obviously cannot be done on living tissue, a physiological sodium chloride solution has been adopted for the salt bridge in vivo, and a silver-silver chloride electrode is used as the reference electrode. Introduction of the dilute salt bridge into the chain used to measure pH in vivo might be expected to give a somewhat different pH scale from that obtained in vitro. This is indeed the case, but the difference is so slight, less than 0.02 pH unit, that no serious discrepancy occurs if the electrode system is carefully calibrated with known and standard buffers under the same temperature conditions as exist during the experiment. It is well to point out that the differential values of any changes that occur during the course of an experiment can be ascertained to a few thousandths of a pH unit. Details of the actual application of the electrodes are given in the paper of Dusser de Barenne, McCulloch, and Nims3 on the "Functional activity and pH of the cerebral cortex" and in the papers of Marshall and Nims on respiration and blood pH (to be published soon).
